The type-specific antigen of a strain of Clostridiwn perfringens involved in food poisoning was isolated from the cell wall by the use of hot formamide. The antigen appears to consist of polysaccharide or mucopeptide. The formamide extract was shown to be heterogeneous by gel filtration on Sephadex G-200. The serologically active fraction contained about 25% of the amount of protein present in the original formamide extract. Hexosamine, acetyl groups, and carbohydrate also were detected. The formamide extract showed a high degree of serological activity. The serological activity was increased twofold on Sephadex gel filtration. Formamide and lysozyme treatment. Lyophilized cell walls were extracted with hot formamide by a modification of the method of Perkins (12). One gram of cell wall, or portions thereof, was heated with 100 ml of formamide in an oil bath at 170 C for 20 min. The mixture was cooled, and 250 ml of acid-ethyl alcohol was added. The acid-ethyl alcohol was prepared by mixing 2 N HCI and 95% ethyl alcohol in a ratio of 5 to 95 by volume. The mixture was centrifuged, and the residue was washed with additional acid-ethyl alcohol. The supernatant fluid and the washing were pooled and precipitated with 10 volumes of acetone at 4 C overnight. The precipitate was suspended in distilled water and dialyzed exhaustively against distilled water at 4 C, followed by centrifugation to remove the insoluble substances. The supernatant fluid, called FEC-1, was lyophilized and studied as described below.
The type-specific antigen of a strain of Clostridiwn perfringens involved in food poisoning was isolated from the cell wall by the use of hot formamide. The antigen appears to consist of polysaccharide or mucopeptide. The formamide extract was shown to be heterogeneous by gel filtration on Sephadex G-200. The serologically active fraction contained about 25% of the amount of protein present in the original formamide extract. Hexosamine, acetyl groups, and carbohydrate also were detected. The formamide extract showed a high degree of serological activity. The serological activity was increased twofold on Sephadex gel filtration.
Some strains of Clostridium perfringens have been implicated in food-borne disease (4, 6) . Hobbs et al. (6) provisionally typed some heatresistant C. perfringens strains involved in foodpoisoning outbreaks in England. On the basis of agglutination, the organisms were classified into 13 serotypes. This agglutination reaction is of a "disc" type, suggesting that an envelope-type antigen is involved. Definitive data, however, are not available on the chemical nature of these cell-wall antigens. For Preparation of cell walls. Cell-wall suspensions were prepared and treated with trypsin, ribonuclease, and pepsin as described by Cummins and Harris (2) , except that a VirTis blendor equipped with special blades for rupturing cells was used in place of the Mickle tissue disintegrator. Cell walls were lyophilized prior to formamide extraction.
Formamide and lysozyme treatment. Lyophilized cell walls were extracted with hot formamide by a modification of the method of Perkins (12) . One gram of cell wall, or portions thereof, was heated with 100 ml of formamide in an oil bath at 170 C for 20 min. The mixture was cooled, and 250 ml of acid-ethyl alcohol was added. The acid-ethyl alcohol was prepared by mixing 2 N HCI and 95% ethyl alcohol in a ratio of 5 to 95 by volume. The mixture was centrifuged, and the residue was washed with additional acid-ethyl alcohol. The supernatant fluid and the washing were pooled and precipitated with 10 volumes of acetone at 4 C overnight. The precipitate was suspended in distilled water and dialyzed exhaustively against distilled water at 4 C, followed by centrifugation to remove the insoluble substances. The supernatant fluid, called FEC-1, was lyophilized and studied as described below.
A second formamide extract of the cell wall was called FEC-2. After the second formamide extraction, the cell-wall residue was treated with lysozyme as described by Pickering (13) , except that 0.5 mg of lysozyme per ml was used. The lysozyme extract was called LER.
Gel ffitration. Sephadex G-200 gel filtratidn was performed on column (2 X 100 cm) at 4 C. Two ml of FEC-1 at 10 mg per ml was placed on the column and was eluted with 0.15 M NaCI buffered to pH 7.2 with 0.02 M phosphate. The flow rate was approximately 5 ml per hr.
Analytical methods. Total carbohydrate was determined by the method of Dubois et al. (3) with glucose as the standard. Hexosamine was determined by a modified Elson-Morgan procedure (9) . Acetyl groups were determined by the method of Ludowieg and 176 FORMAMIDE-EXTRACTED ANTIGEN Dorfman (11) . The Dische procedure was used to determine uronic acids (9) . Protein was determined by the Folin-Ciocalteau reaction (10) .
Antisera. Antisera to C. perfringens serotypes 1, 2, and 3 were prepared by using intravenous injections of bacteria as described by Hall et al. (4) .
Bacterial agglutinations. Agglutination tests were performed by a slight modification of a previous procedure (4). Incubations were carried out at 37 C for 2 hr, followed by 4 C for 2 hr instead of at 4 C overnight.
Gel diffusions. Ouchterlony gel diffusions were carried out with 2-by 2-inch templates as described by Johnson (7).
Immunoelectrophoresis. Immunoelectrophoresis was carried out on 2-by 3-inch slides according to the method described by Campbell et al. (1) .
Quantitative precipitations. Quantitative precipitin reactions were performed as described by Campbell et al. (1) with the use of antisera and antigens in 0.3-ml volumes each. Protein was determined by the Folin-Ciocalteau reaction (10) .
Synthesis of 0-stearoyl derivatives of FEC-1. Esterification of FEC-1 with stearoyl chloride for passive hemagglutinations was performed as described by Hammerling and Westphal (5).
Sensitization of sheep red blood cells (SRBC) with 0-stearoyl FEC-1. SRBC in Alsever's solution were obtained from BBL. One-tenth ml of 50%, thricewashed cells was incubated at 37 C for 30 min with 3 ml of O-stearoyl FEC-1 containing 50 ,ug of carbohydrate per ml. The coupling was carried out in 0.15 M phosphate buffer, pH 7.3. The sensitized cells were washed three times with a rabbit serum albumindextrose-ethylenediaminetetraacetate solution that was prepared as described elsewhere (8) . The washed cells were suspended in the same solution to a 1% concentration.
Hemagglutinations. Passive hemagglutinations with O-stearoyl FEC-1 SRBC were carried out as described for another system (8) .
RESULTS
Before attempting the isolation of the typespecific antigen from the cell walls, the C. perfringens cultures were checked by agglutination to be certain that they contained their type-specific antigens. The results of these agglutinations are presented in Table 1 . Each type was specifically agglutinated by its homologous antiserum.
One gram of dry cell wall of C. perfringens serotype 3 was extracted with hot formamide. About 50 mg of water-soluble formamide extract (FEC-1) was obtained. This material gave a single, specific band in gel diffusion against typespecific antiserum. The smallest concentration of this material that reacted in gel diffusion was 7.8 psg per ml. A considerable amount of the formamide-extracted material was water-insoluble. Extraction of this insoluble material with 0.15 M NaCl yielded about 75 mg of material that reacted poorly with anti-3 serum in gel diffusions. Simi- larly, a second formamide extraction (FEC-2) of the cell walls yielded substances of low specific activity. Extraction of the formamide residue with lysozyme also yielded material (LER) with poor serological activity. For these reasons, only the first formamide extract was used in further studies.
The results of gel ifitration of FEC-1 on Sephadex G-200 are presented in Fig. 1 . Most of the serological activity appeared to be associated with the first peak, as indicated by the intensity of the gel diffusion reactions. This peak consisted of hexosamine, carbohydrate, and demonstrated slight absorbance activity at 280 nm. Selected fractions were titrated by gel diffusion, and the results are presented in Table 2 . The data tend to support the validity of the relative values accorded to the intensity of the gel diffusion reactions of the fractions.
Fractions 24 to 38 inclusive, from Sephadex gel JOHNSON, BRENNER, AND HALL ifitration, were pooled and then dialyzed exhaustively against distilled water, followed by pervaporation and lyophilization. The resultant material, which reacted in gel diffusion at a concentration as low as 3.9 ,g/ml, was designated FEC-1 Fract, and was compared to FEC-1 for hexosamine, protein, acetyl groups, and carbohydrate (Table 3) . Uronic acids were not present in FEC-1. It is evident that FEC-1 is heterogeneous and that only a part of the material extracted by formamide possesses serological activity against type-specific antiserum.
The relative specific activities of FEC-1 and FEC-1 Fract were examined by quantitative precipitation (Fig. 2) . Maximum precipitation with FEC-1 was obtained with about 0.31 mg of antigen per ml, whereas the maximum with FEC-1 Fract was obtained with about 0.15 mg antigen per ml. The specific activity of FEC-1 Fract then appears to be about twice that of FEC-1. Sephadex G-200 gel filtration appears to result in about a twofold purification of the antigen. The nature of the precipitin curve suggests that only one antigen-antibody system is involved in the reaction.
Absorption of type-specific antisera with FEC-1 from C. perfringens type 3 was done in an effort (1:3 dilution).
to further define the relationship of the precipitin reaction with that of bacterial agglutination (Table 4) . Only the anti-3 titer was significantly affected, and it appears that FEC-1 possesses type-specific activity. The specificity was further examined by passive hemagglutination with O-stearoyl FEC-1 from C. perfringens serotype 3 (Table 5 ). Anti-3 gave the highest titer, though considerable cross-reaction occurred with anti-i, anti-2, and normal serum number 216. Nonetheless, considering the similarity in potency of the antisera in bacterial agglutinations, the specificity of the reaction toward the homologous system seems to be indicated. In addition, serotype 3 FEC-1 significantly inhibited the hemagglutination, whereas neither serotypes 1 nor 2 affected the reaction. The ability of O-stearoyl FEC-1 to sensitize SRBC indicates that at least a portion of the type-specific molecule is carbohydrate (5) . In a study of the cell wall components of a C. perfringens type A, Pickering (13) obtained 2 types of polysaccharides by formamide extraction. Electrophoretically, one component was neutral with slight migration toward the cathode under the influence of electroendosmosis, whereas the other component migrated significantly toward the anode and was considered to be acidic. It was of interest then to examine the FEC-1 component immunoelectrophoretically for possible correlation with these two components. Fig. 3 shows slight migration of the type-specific component of FEC-1 toward the cathode. Migration This may be partially because of the conditions of analysis, such as the standards employed and the conditions of hydrolysis. Even so, other substances are probably involved in the structure of the antigen. Phosphorus, for example, was found in the formamide extracts of Pickering (13) . He also noted that unidentifiable constituents were present. The ability of SRBC sensitized with O-stearoyl FEC-1 to react specifically with anti-3 indicates the importance of polysaccharide as a constituent of the type-specific antigen.
The elution peak of the serologically active component corresponds with the neutral polysaccharide described by Pickering (13) . Also, the migration in immunoelectrophoresis corresponds with the electrophoretic behavior of the neutral polysaccharide. The studies of Pickering did not involve immunochemical consideration of antigens involved in serotypic specificity. The precise relationship of the type-specific antigen to certain cell-wall constituents must await more extensive study. A method of separating this antigen from the cell wall has been presented.
